Inactivation of Japanese encephalitis virus by Na deoxycholate was due to release of RNA-like material sensitive to RNase and detectable under assay conditions for infectious RNA. The RNA-like material released by Na deoxycholate was similar to infectious RNA extracted by phenol in such properties as RNase sensitivity, increased plaque formation in hypertonic salt and ether resistance, but differed from it in such characteristics as heatlability and sensitivity to isobutanol. The mechanism of inactivation of the virus by ether was not quite identical with that by Na deoxycholate treatment, because ether treatment might have denatured virus protein and damaged the RNA. I J. Virol, 2
INTRODUCTION
Inactivation of the arthropod-borne viruses by the action of diethyl ether (Andrewes & Horstman, I949) and sodium deoxycholate (Theiler, 1959; Sunaga, Taylor & Henderson, i96o ) is an important characteristic which serves to distinguish them from certain other viruses. Anderson &Ada (1959) and Richter & Wecker (1963) reported the recovery of an infectious and RNase-sensitive material from unpurified Murray Valley encephalitis virus, and both unpurified and purified Eastern equine encephalitis virus after treatment with Na deoxycholate. These results suggested that treatment of the virus by Na deoxycholate released infectious RNA which could not be detected under the usual assay conditions for virus infectivity, but could be proved infectious only under assay conditions for infectious RNA.
The present paper reports a similar material obtained from Japanese encephalitis virus by treatment with Na deoxycholate. The biological properties of the material were compared with infectious RNA extracted by phenol (Nakamura, I96I) , and differences between inactivation of the virus by Na deoxycholate and ether were investigated.
METHODS

Virus.
Brains of mice infected with the NAI~YAMA strain (M-86) and G-I strain (i-146) of Japanese encephalitis virus were homogenized with o.oI % EDTA in 0"05 i-Sorensen buffer, pH 7"8 (Nakamura & Ueno, I964) . The suspensions were centrifuged at low speed to remove coarse particles. The supernatant fluids were used as a starting material. 
Purification of virus.
Suspensions of virus were purified by treatment with fluorocarbon (Porterfield & Rowe, I96o ) . There was no loss of infectivity.
Diluents. For assays of virus particles dilution were made in o.I M-Na~SO4 in 0"o 5 M-Sorensen buffer, pH 7"8. For infectious RNA assays, the diluent was I.o M-Na2SO ~ in o'o5 M-Sorensen buffer, pH 7"8 (Nakamura & Ueno, I963a) .
Treatment with Na deoxycholate and ether. Na deoxycholate (Difco) was dissolved in 0"85% NaC1 solution at a concentration of o.2% and stored in a refrigerator. Equal volumes of the Na deoxycholate solution and the virus suspension were mixed, shaken well and allowed to stand in the cold. After appropriate intervals, the mixtures were centrifuged at 30oo rev./min, for 5 rain., and the supernatant fluids were used as Na deoxycholate-treated material. Since the treated materials were toxic for tissue culture cells, they were usually diluted tenfold. For ether treatment diethyl ether was added to an equal volume of virus suspension which was shaken, refrigerated at 4 ° for a sufficient period of time and centrifuged to obtain the ethertreated aqueous phase. The ether-treated material was bubbled with nitrogen gas for a few minutes to remove ether.
Extraction of infectious RNA. The methods for extraction of infectious RNA from Japanese encephalitis virus were described by Nakamura & Ueno 0963a).
Tissue cultures. Chick embryo cell monolayers were prepared by seeding the cells obtained by trypsinization of 9-day-old chick embryos. Precise procedures for preparation of tissue culture and assay of virus and RNA infectivities according to the plaque method were described by Nakamura & Ueno (I963a, b) .
RESULTS
Effects of Na deoxycholate on viruses
Unpurified virus suspensions of NAKAYAMA and G-I strains were treated with Na deoxycholate for 6o min. at 4 °, and residual infectivities were assayed by plaque counts on chick embryo cell monolayers. The starting and treated materials were diluted with o. I M-and i.o M-Na2SO4 in buffer for titrating virus particles and RNAlike material, respectively. At the same time, infectious RNAs were extracted from these materials by the cold-phenol method. RNA-Iike materials were released from unpurified virus suspensions by Na deoxycholate treatment (Table I ). In the case of NAKAYAMA strain, if the material was diluted with o.I M-Na2SO4 for assay, the titre of starting material was 7"3 log p.f.u, and the titre of Na deoxycholate-treated material was 2.8 log p.f.u., whereas when these materials were diluted with I.o M-Na~SO4 for assay, starting titres were 4"7 and titres after treatment with Na deoxychotate were 4"5 log p.f.u., respectively. In other words, Na deoxycholate-treated material gave significantly lower titres when diluted with o.I M-Na~SO4 than when diluted in I.o M-Na2SO 4. Furthermore, the titres of Na deoxycholate-treated materials were almost the same as those of RNA extracted by phenol from these Na deoxycholatetreated materials. The materials released by Na deoxycholate treatment were therefore similar to infectious RNA obtained by cold-phenol extraction (Table 0 . Similar results were obtained with purified virus suspension. The materials released by Na deoxycholate were completely sensitive to RNase ( were tested in o.t M-Na~SO4 diluent. However, release of RNA-like material by Na deoxycholate from the virus occurred while the virus was being inactivated. The infectivity of Na deoxycholate-treated materials was promptly destroyed by RNase treatment. (Fig. i) .
Influence of molarity of diluent on infectivity of virus and Na deoxyeholate-treated material
Nakamura & Ueno (I963a) noted that there were distinct differences between the effects ofmolarities of Na2SO4 on the virus and on RNA. The plaque-forming activities of virus and RNA-like material released by Na deoxycholate were tested in different molarities of Na~SO4. Increasing the molarity of diluent decreased plaque formation M. NAKAMURA AND K. EGUCHI by virus, but significantly incrcased plaque formation by RNA-like material derived by Na dcoxycholate. These results were similar to the results obtained in the experiments with virus and RNA extracted by phenol treatment (Fig. 2) . 
Effects of organic solvents on Na deoxycholate-treated virus
The infectivity of arboviruses is inactivated by ether treatment, but that of RNA extracted by phenol treatment is not. Experiments were made to determine whether the RNA-like material released by Na deoxycholate was sensitive to ether treatment and to treatment with isobutanoL Virus was not resistant to isobutanol treatment, but phenol-extracted RNA was very stable. For this purpose, unpurified suspensions of G-I strain were used. The RNA-like material obtained after Na deoxycholate treatment was resistant to ether, but sensitive to isobutanol (Table 3) 
Thermostabifity of virus treated with Na deoxycholate
RNA-like material, unpuritied virus suspension of the NAKAYAMA strain, RNA derived from this suspension by cold-phenol extraction, and virus treated with Na deoxycholate were heated at 4 o°, 5 °o and 60 ° for 30 min. under the same conditions, and residual infectivities were assayed by plaque counts. Virus materials treated with Na deoxycholate were dialysed against buffer solution (pH 7"2) in the cold until Na deoxycholate could not be detected (Kaziro & Shimada, I938) , in order to avoid further action of the Na deoxycholate on virus particles during heating. The infectivity of virus and of Na deoxycholate-treated virus gradually decreased as the temperature was increased, but RNA yielded by cold-phenol extraction was relatively stable when heated (Fig. 3) . 
Ether treatment of purified virus
Inactivation by ether treatment was also studied. Purified virus suspension of the NAKAYAMA strain was treated with ether thirteen times in the cold, and virus infectivity was assayed at interval during the treatment. The materials tested were diluted with o.z M-and i.o M-Na2SO 4 and infectious RNAs were extracted by cold-phenol treatment from starting material and from virus after ten ether treatments. Virus was gradually inactivated as ether treatment was increased. The extent of inactivation demonstrated was similar whether dilutions were made in o. i M-Na~SO4 or in I-O M-Na~SO4. Unlike treatment with Na deoxycholate, therefore, ether treatment did not release an RNA-like material. Unexpectedly, less infectious RNA was extracted by cold phenol after ten ether treatments of virus than from the starting virus (Table 4) 
Ether and Na deoxycholate treatment of virus
As it appeared that the modes of inactivation of the virus by ether and by Na deoxycholate were different, extraction of infectious RNA from the ether-treated materials was attempted by the hot phenol method and by treatment with Na deoxycholate. The reduced infectivity after three ether treatments was not changed by RNase treatment; nor could more infectious RNA be extracted even by using hot phenol. Treatment of ether-treated virus with Na deoxycholate had no effect on the yield of RNA-like material and no infectious RNA was extracted from virus doubly treated with ether and Na deoxycholate by either cold or hot phenol (Table 5) . It, therefore, appeared that the mechanism of inactivation of virus by ether was by denaturation of viral protein associated with destruction of infectious RNA.
DISCUSSION
The experiments described here were designed to determine whether inactivation of Japanese encephalitis virus by Na deoxycholate was by the mechanism previously reported for Murray Valley encephalitis (Anderson & Ada, 1959) therefore, be an impure infectious RNA associated with denatured virus protein. The inactivation of Japanese encephalitis virus by Na deoxycholate treatment may, therefore, be interpreted as follows: RNA sited in the core of virus particle is unmasked by Na deoxycholate treatment and subsequently destroyed by RNase in the tissue cells. The mode of virus inactivation by ether may well be different from that of inactivation by Na deoxycholate since the release of an RNA-like material by ether could not be demonstrated even if hypertonic salt was used as a diluent for infectivity assays. Moreover, the inactivation of the virus by ether was not caused only by denaturation of viral protein, because infectious RNA could not be extracted even with hot phenol (Wecker, ~959)-Ether treatment may, of course, change both viral protein and nucleic acid, but our experimental conditions do not permit this interpretation to be made. This investigation was supported by a grant of the Waksman Foundation of Japan Inc.
